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The Friction Stir Welding process developed by The Welding Institute (TWI) has found 
application throughout the transportation industry. This technique has proven to be a 
viable joining process for aluminum alloys, producing virtually defect free welds with 
improved mechanical properties as compared to conventional fusion welding. 

Lockheed Martin Space Systems - Michoud Operations has been developing this 
technology for application on aluminum 2219 and 2195 cryogenic tankage since 1995. 
This effort will come to fruition with implementation on the longitudinal welds of the 
External Fuel Tank (ET) of the Shuttle. To this end, sub-and full-scale demonstration 
programs coupled with process development and optimization have been complete. 

Full size ET tool has been designed, fabricated and are being installed at the Michoud 
Assembly Facility. Upon completion of the tooling certification and materials allowables 
testing, production will commence. This implementation will result in increased 
reliability and safety of flight for the Shuttle. 
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Friction Stir Welding on the External Tank 

Friction Stir Welding - Agenda 
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Friction Stir Welding on the External Tank 

Objective 

Increase the Safety, Reliability, & Producibility of the ET by 
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Frictional heating from the rotating tool plasticizes the material between the anvil 
and the shoulder. The rotating tool is then traversed along the weld seam , 
generating a combination of extrusion and forging between the tool shoulder and 
the anvil resulting in a ductile, high strength, solid state weld. 



Friction Stir Welding on the External Tank 

FSW/Fusion Process Comparison 



Oscillator Speed (Cover Pass) 











Friction Stir Welding on the External Tank 

FSW Process/ET Benefits 

• Increased Margin Through: 
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Friction Stir Welding on the External Tank 
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FSW Will Improve ET Safety, Reliability and Producibility 




Friction Stir Welding on the External Tank 

Implementation Status - Process 
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Allowables/Characterization Test Plan 


Friction Stir Welding on the External Tank 

Project Status - Development (In Work) 

• Process Mapping 
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Friction Stir Welding on the External Tank 

Implementation Status - Today’s Fusion Tooling 



Vertical VPPA welding of LH2 Horizontal SPA welding of LH2 

Barrel 1 and L02 Barrel Barrels 2,3 8.4 
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Implementation Status - FSW Tooling 
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Tool Design and Fabrication are Complete 





Friction Stir Welding on the External Tank 

Implementation Status - Production Tooling 
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Friction Stir Welding on the External Tank 

Implementation Status - Trainer 



06 / 06/2001 


Friction Stir Welding on the External Tank 

implementation Status - Facility Modifications 
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Facility Modifications are Ahead of Schedule 



FSW Is a Significant Safety Benefit for Shuttle Program 



FSW Improves ET Safety Margins, Reliability and Producibility 




